→ Ξ b γ). Observing such electromagnetic decays at hadron colliders is challenging due to large photon multiplicities and worse energy resolution for low energy photons compared to charged particles.
There are numerous predictions for the mass spectrum of these low-lying states [12] [13] [14] [15] [16] [17] [18] [19] . The consensus is that the isospin-averaged value of the mass difference m(Ξ * b ) − m(Ξ b ) is above threshold for strong decay but that the isospin-averaged difference m(Ξ b ) − m(Ξ b ) is near the kinematic threshold. However, it is expected that the mass difference m(Ξ − mass spectrum using pp collision data recorded by the LHCb experiment, corresponding to an integrated luminosity of 3.0 fb −1 . One third of the data was collected at a center-of-mass energy of 7 TeV and the remainder at 8 TeV. We observe two highly significant structures, which are interpreted as the Ξ baryons. The properties of these new states are reported. Charge-conjugate processes are implicitly included.
The LHCb detector [22] is a single-arm forward spectrometer covering the pseudorapidity range 2 < η < 5, designed for the study of particles containing b or c quarks. The detector includes a high-precision tracking system, which provides a momentum measurement with precision of about 0.5% from 2−100 GeV/c and impact parameter resolution of approximately 20 µm for particles with large transverse momentum (p T ). Ring-imaging Cherenkov detectors [23] are used to distinguish charged hadrons. Photon, electron and hadron candidates are identified using a calorimeter system, which is followed by detectors to identify muons [24] .
The trigger [25] consists of a hardware stage, based on information from the calorimeter and muon systems, followed by a software stage. The software trigger requires a two-, three-or four-track secondary vertex which is significantly displaced from all primary pp vertices (PVs) and for which the scalar p T sum of the charged particles is large. At least one particle should have p T > 1.7 GeV/c and be inconsistent with coming from any of the PVs. A multivariate algorithm [26] is used to identify secondary vertices consistent with the decay of a b hadron. In the simulation, pp collisions are generated using Pythia [27] with a specific LHCb configuration [28] . Decays of hadrons are described by EvtGen [29] , in which final-state radiation is generated using Photos [30] . The interaction of the generated particles with the detector, and its response, are implemented using the Geant4 toolkit [31] as described in Ref. [32] .
Signal candidates are reconstructed in the final state Ξ 
To reduce background formed from tracks originating at the PV, the decay vertices of Ξ . In addition, the following kinematic requirements are imposed: values so that the width measured in simulation is due entirely to the mass resolution. The resolution function is parameterized as the sum of three Gaussian distributions with independent mean values. Separate sets of parameters are determined for the two peaks. The weighted averages of the three Gaussian widths are 0.21 MeV/c 2 and 0.54 MeV/c 2 for the lower-and higher-mass peaks. In the nominal fits to data, all of the resolution shape parameters are fixed to the values obtained from simulation. Small corrections, obtained from simulation, are applied to the masses to account for offsets in the resolution functions. The combinatorial background is modeled by a threshold function of the form
where A and C are freely varying parameters determined in the fit to the data. The masses, widths and yields of the two peaks are determined from an unbinned maximum likelihood fit to the δm spectrum. In an initial fit, each peak is described using a P -wave relativistic Breit-Wigner (RBW) line shape [33] with a Blatt-Weisskopf barrier factor [34] , convolved with the resolution function obtained from simulation. The fitted width of the lower-mass peak is found to be consistent with zero and consequently its width is set to zero in the nominal fit, shown in Fig. 2 . The fitted yields in the lowerand higher-mass peaks are 121 ± 12 and 237 ± 24 events, with statistical significances in excess of 10σ. The nonzero value of the natural width of the higher-mass peak is also highly significant: the change in likelihood when the width is fixed to zero corresponds to a p-value of 4 × 10 −14 using Wilks' theorem [35] . An upper limit on the natural width of the lower-mass peak is set using ensembles of pseudoexperiments with the same parameters as in data, but with natural widths ranging from 0.01 to 0.12 MeV. The upper limit is taken to be the value of Γ for which a width equal to or greater than that obtained in data is observed in 95% of the pseudoexperiments. The resulting upper limit is Γ(Ξ − b ) < 0.08 MeV at 95% confidence level (CL). A number of cross checks are performed to ensure the robustness of the result and assess systematic uncertainties. These include changing the assumed angular momentum (spin 0, 2) and radial parameter (1-5 GeV −1 ) of the RBW and barrier factor; inflating the widths of the resolution functions by a fixed factor of 1.1, the value found in a large D * + → D 0 π data sample; inflating the widths of the resolution functions by a common factor floated in the fit (with 1.03 ± 0.11 obtained); using a symmetric resolution function; using a nonrelativistic BW for the higher-mass peak; using a different background function; varying the fit range; checking the effect of mass dependence of the resolution and finite sample size; keeping only one candidate in each event; imposing additional trigger requirements; separating the data by charge and LHCb magnet polarity; and fitting the wrong-sign sample. Where appropriate, systematic uncertainties are assigned based on the differences between the nominal results and those obtained in these tests. . The converse does not follow, however: a higher-spin resonance that is unpolarized will lead to a flat distribution. For each of the two peaks, the background-subtracted, efficiencycorrected cos θ h distributions are studied. Both are found to be consistent with flat distributions. When fitted with a function of the form f (cos θ h ) = [a + 3(1 − a) cos 2 θ h ] /2, the fitted values of a are 0.89 ± 0.11 and 0.88 ± 0.11, and the quality of the fits does not improve significantly. Thus, the available data are consistent with the quark model expectations that the lower-mass peak corresponds to a J = 
where the first and second uncertainties are statistical and systematic, respectively, σ denotes a cross-section measured within the LHCb acceptance and extrapolated to the full kinematic range with Pythia, B represents a branching fraction, and X refers to the rest of the event. Given that isospin partner modes Ξ 
have not been observed before, and are being studied in separate analyses.
With a specific configuration of other excited Ξ b states, it is possible to produce a narrow peak in the Ξ ground state, respectively, it is possible to circumvent these constraints. This would also require that the production rate of the L = 1 state be comparable to that of the L = 0,
+ state. Although this scenario is contrived, it cannot be excluded at present.
In conclusion, two structures are observed with high significance in the Ξ 
